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Digital image analysis in pathology: Benefits
and obligation
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Abstract. Pathology has recently entered the era of personalized medicine. This brings new expectations for the accuracy
and precision of tissue-based diagnosis, in particular, when quantification of histologic features and biomarker expression is
required. While for many years traditional pathologic diagnosis has been regarded as ground truth, this concept is no longer
sufficient in contemporary tissue-based biomarker research and clinical use. Another major change in pathology is brought by
the advancement of virtual microscopy technology enabling digitization of microscopy slides and presenting new opportunities
for digital image analysis. Computerized vision provides an immediate benefit of increased capacity (automation) and precision
(reproducibility), but not necessarily the accuracy of the analysis. To achieve the benefit of accuracy, pathologists will have
to assume an obligation of validation and quality assurance of the image analysis algorithms. Reference values are needed to
measure and control the accuracy. Although pathologists’ consensus values are commonly used to validate these tools, we argue
that the ground truth can be best achieved by stereology methods, estimating the same variable as an algorithm is intended to
do. Proper adoption of the new technology will require a new quantitative mentality in pathology. In order to see a complete and
sharp picture of a disease, pathologists will need to learn to use both their analogue and digital eyes.
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In the first decade of the twenty first century, pathol-
ogy entered the era of personalized medicine. Yet, it
is difficult to appraise the magnitude of the change
that has been brought about by this commonly used
concept. In practical terms, it means that pathology
procedures will be required to retrieve much more clin-
ically useful information from tissue samples which
frequently will be smaller in size. The evolution
of pathology is speeding up; the traditional domain
of the pathologist providing qualitative diagnostic
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information based on “holistic” view of pathology and
limited clinical information is rapidly expanding by
the increasing demand for semi-quantitative and quan-
titative evaluation of pathologic features and biomarker
expression (Fig. 1). In this context, anatomic pathology
is becoming increasingly quantitative or analytical.
This poses new requirements for the accuracy and pre-
cision of the diagnostic process.

The last decade was also marked by the advance-
ment of virtual microscopy technology enabling
high-resolution digitization of the whole microscopic
specimen used for diagnosis and research in pathology
[1, 2]. As in many areas of human activity, switching
from analogue to digital presents new opportunities
to process the signal, thus increasing capacity and
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Fig. 1. Evolutionary change in pathology: increasing demand for
quantification.

precision of the analysis and retrieving new infor-
mation invisible to the human eye. In order to solve
various tasks of tissue diagnosis and research there is
a burst of image analysis applications that follow large
field digital microscopy scanning developments [3].
The spectrum of the tasks is broad: from simple mor-
phometry of cells and tissue structures to automated
pattern recognition, sub-cellular molecular studies, and
multispectral image analysis.

The potential benefits of digital image analysis were
explored and largely illustrated during the last three
decades. Some innovative applications may revolu-
tionize some areas of pathology [4]. The most extensive
adoption of this technology is likely to be in the fields
in which improvements in quantification are sorely
needed. Specifically, personalized medicine will put
the most pressure on pathologists to improve the accu-
racy and precision of histological grading systems
and measurement of biomarker (mainly, immunohis-
tochemical) expression. Clinical studies have shown
that it is difficult to control an inter-observer and inter-
institutional variability of the assessment of prognostic
and predictive markers. This is even more so in pathol-
ogy practice [5, 6]. Lack of accurate and reproducible
measurements in tissue-based diagnosis is a major
obstacle for development of personalized therapies.
On the other hand, this demand for accuracy pushes
the pathologists to the limits of human capability to
standardize their visual perception.

Pathologists use their “trained eyes” to provide
useful information for clinical studies and practice.
Traditional pathologic diagnosis has been regarded
a ground truth. This concept is no longer sufficient
in contemporary tissue-based biomarker research and

clinical use. Centralised evaluation of biomarkers may
improve reproducibility in clinical studies, but it may
not provide an accurate measurement of the “real
world”, due to limitations of human visual percep-
tion. Furthermore, guidelines and cut off values derived
from these studies are not necessarily reproducible in
clinical practice when pathologists worldwide, with
variable experiences and settings, are involved [5].
This leads to increased “information noise” and a
failure to follow the guidelines appropriately, result-
ing in accumulation of erroneous evidence. In a strict
sense, expectation that pathologists can reliably quan-
tify microscopic features based on visual impressions
is outdated. Pathologists could reliably quantify some
features under appropriately standardised method-
ologies but in clinical practice this would result in
unrealistic workloads.

Computer vision which is based on the analysis
of digital data obtained under controlled conditions,
therefore, provides a great opportunity to improve
quantification in pathology. The immediate benefits are
increased capacity (automation) and reproducibility of
the measurements (precision). When the parameters
of image analysis are set, the same result will be pro-
duced on the same image. However, precision is not a
substitute for the measurement of accuracy, which is
defined as closeness of agreement between a measured
quantity value and a true quantity value of a measur-
and [7]. In other words, image analysis algorithms may
provide precise - reproducible analyses, but they may
have their own bias and, therefore, produce inaccurate
results. The results of an inaccurate analysis may still
be clinically useful in predicting disease or therapy
outcomes when validated in clinical studies, however,
usefulness should not be confused with accuracy or
objectivity [8].

To estimate the accuracy of a measurement, one
needs to define and obtain reference values, equiva-
lent to ground truth. The most common approach is to
test the agreement of an image analysis algorithm with
the pathologists’ consensus evaluation, based on inter-
and intra-observer variability in study design [9]. This
is a seemingly valid approach since the algorithm is
validated against the clinically accepted way of mea-
surement. Nevertheless, the question remains why a
more precise and potentially more accurate tool is cal-
ibrated against a more variable and semi-quantitative
human evaluation. One further step could involve the
testing of inter-algorithm variability, especially, if the
ground truth may be obtained from an independent
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source like FISH test for HER2 gene amplification
(in the case of immunohistochemical measurement
of HER2 expression) [10, 11]. However, even in this
example HER2 FISH provides only an indirect ref-
erence value since biological and technical sources
of variation between immunohistochemistry and FISH
tests do remain [12, 13].

Ideally, to validate and calibrate the image analysis
algorithms one should seek the most direct reference
value. It should answer the same biological question
as the algorithm is intended to do. This means that
the same feature in the same image has to be mea-
sured by an independent and most possibly objective
way. To explore this approach, we are performing a
study (prepared for publication) which assesses the
accuracy of two independent image analysis algo-
rithms as compared to pathologist’s measurement of
the proportion of Ki-67-positive cells in breast can-
cer tissue that is immunohistochemically stained. The
reference values were obtained by 3 observers inde-
pendently on the same images using a stereological
frame counting method to enumerate profiles of struc-
tures on 2D sections [14]. Initial findings reveal that
the correlations between the two computer algorithms
are very strong; they also correlate strongly with semi-
quantitative pathologist’s evaluations. Meanwhile, the
inter-observer variability in the stereologic counting
is negligible. We found that the algorithms as well
as pathologists may under- or overestimate numeric
expressions of a biomarker when compared to the
reference values obtained by the direct stereological
estimation. Since the comparison of the crude results
obtained can expose potential biases of both the digi-
tal image analysis tools and human visual perceptions,
we believe this approach provides a sound methodol-
ogy for evaluation, validation, and calibration of image
analysis algorithms. A refined cell-to-cell control can
then provide an estimation of the sensitivity and speci-
ficity of the digital analysis tools and a way to fine tune
the algorithms. Therefore, stereology methods rather
than pathologist’s visual impressions should be used
to obtain reference values. For use in daily practice as
“quantitative tissue controls” reference images/slides
will be needed for proper calibration and quality assur-
ance of the image analysis tools.

In summary, digitization of pathology images brings
a potential for the improvement of the quality of the
information retrieved from the pathology samples. It
enables the perspective of automation and precision
of the tissue-based diagnosis and quantification. How-

ever, digital image analysis can and should ensure
accuracy and not just precision. To achieve the ben-
efits of digitization, pathologists have to understand
and assume new obligations in the quality assurance
of the image analysis tools. Proper adoption of the
technology will require a new quantitative mentality
in pathology. In order to see a complete and sharp pic-
ture of a disease, pathologists will need to learn to use
both their analogue and digital eyes.
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